The paper analyses the leading journals in Neurosciences using quantifiable Research Assessment Measures (RAM), highlights the similarities and differences in alternative RAM, shows that several RAM capture similar performance characteristics of highly cited journals, and shows that some other RAM have low correlations with each other, and hence add significant informational value. Alternative RAM are discussed for the Thomson Reuters ISI
Introduction
Encouraging, monitoring and publishing high quality research are fundamental to science, and research assessment rankings are essential to evaluate the research performance of individuals and the quality of academic journals. The perceived research performance of individual researchers can be crucial for hiring, firing, tenure and promotion decisions. In the absence of suitable information regarding the perceived quality of research output, the quality of a journal has frequently been used as a proxy for the research quality of an academic paper.
The perceived quality of a journal is an inappropriate and misleading proxy for the perceived quality of a published paper. The quality, popularity and prestige of a journal are based on outstanding papers that it has previously published. However, a prestigious journal cannot be an accurate reflection of the quality of a recently published paper, especially when the paper has yet received few, if any, citations. Furthermore, Seglen (1997) finds that the citations rates of papers determine the impact factor of journals, but not the reverse.
The acceptance of a paper for publication in a journal is based on the expertise of a subset of the Editor, Co-editor, Associate Editor, and referees, who determine the rejection rate before publication. Experts can, and do, make mistakes. After a paper has been published, the rejection rate of a journal depends on the worldwide academic profession. Consequently, the proportion of published papers that is ignored by the profession, and by even the authors, is an important non-citations performance measure. Researchers worldwide are less likely to make errors regarding the quality of academic research papers that have been published than a small group of editorial experts who are required to make judgments regarding the quality of a paper before publication.
Virtually all RAM are based on citations, which capture impact, popularity, prestige and influence. The Thomson Reuters ISI Web of Science database (hereafter ISI) is a leading high quality database for generating RAM to evaluate the research performance of individual researchers and the quality of academic journals (see Seglen (1997) , among others, for caveats regarding ISI data). This paper examines the importance of RAM as viable rankings criteria, highlights the usefulness of existing RAM from ISI, and evaluates the usefulness of three new RAM criteria using ISI data for the 26 most highly cited journals in the Neurosciences.
The plan of the remainder of the paper is as follows. Section 2 presents some key RAM using ISI data that are calculated annually or are updated daily, namely the classic 2-year impact factor (2YIF), 5-year impact factor (5YIF), Immediacy (or zero-year impact factor (0YIF)), Eigenfactor score, Article Influence score, C3PO (Citation Performance Per Paper Online), hindex, Zinfluence, PI-BETA (Papers Ignored -By Even The Authors), 2-year and historical Self-citation Threshold Approval Ratings (STAR), Impact Factor Inflation (IFI), and Cited Article Influence (CAI). Section 3 discusses and analyses RAM for the ISI discipline of Neurosciences. Section 4 summarizes the outcomes.
Research Assessment Measures (RAM)
The RAM are intended as descriptive statistics, and are not based on a mathematical model.
Hence, in what follows, no optimization or estimation is required.
Annual RAM
With two exceptions, namely the Eigenfactor and Article Influence scores, existing RAM are reported separately for the sciences and social sciences. RAM may be computed annually or updated daily. The annual RAM given below are calculated for a Journal Citations Reports (JCR) calendar year, which is the year before the annual RAM are released.
(1) 2-year impact factor (2YIF):
The classic 2-year impact factor (2YIF) of an ISI journal is typically referred to as "the impact factor", is calculated annually, and is defined as "Total citations in a year to papers published in a journal in the previous 2 years / Total papers published in a journal in the previous 2 years". The choice of 2 years by ISI is arbitrary.
(2) 2-year impact factor without self citations (2YIF*):
ISI also reports a 2-year impact factor without journal self citations (that is, citations to a journal in which a citing paper is published). As this impact factor is not widely used, we will refer to it as 2YIF*.
(3) 5-year impact factor (5YIF):
The 5-year impact factor (5YIF) of an ISI journal is calculated annually, and is defined as "Total citations in a year to papers published in a journal in the previous 5 years / Total papers published in a journal in the previous 5 years." The choice of 5 years by ISI is arbitrary.
(4) Immediacy:
Immediacy is a zero-year impact factor (0YIF) of an ISI journal, is calculated annually, and is defined as "Total citations to papers published in a journal in the same year / Total papers published in a journal in the same year." The choice of the same year by ISI is arbitrary.
(5) Eigenfactor score:
The Eigenfactor score (Bergstrom (2007) , Bergstrom, West and Wiseman (2008) ) is a modified 5YIF, and is calculated annually to capture the prestige of a journal. The Eigenfactor algorithm (see www.eigenfactor.org/methods.htm) effectively ranks journals according to citations and the length of time that researchers are logged on to a journal's website (see ISI (2010) ). The Eigenfactor does not check how much time researchers spend reading hard copies of journals.
(6) Article Influence:
Article Influence measures the relative importance of an ISI journal on a per-article basis, is a standardized Eigenfactor score, and is calculated annually. Article Influence is defined as "Eigenfactor score divided by the fraction of all articles published by a journal."
(7) IFI:
The ratio of 2YIF to 2YIF* is intended to capture how journal self citations inflate the impact factor of a journal. Impact Factor Inflation (IFI) is defined as "IFI = 2YIF / 2YIF*". The minimum value for IFI is 1, with any value above the minimum capturing the effect of journal self citations on the 2-year impact factor.
(8) STAR:
ISI has implicitly recognized the inflation in journal self citations by calculating an impact factor that excludes self citations, and provides data on journal self citations, both historically and for the preceding two years, in calculating 2YIF. The Self-citation Threshold Approval Rating (STAR) is the difference between citations in other journals and journal self citations.
If S = journal self citations, STAR is defined as "STAR = [(100-S) -S] = (100-2S)". If S = 0, 25, 50 or 100, for example, STAR = 100, 50, 0 and -100, respectively. As STAR can be calculated using journal self citations, both historically and for the preceding two years, historical STAR is H-STAR and a 2-year STAR is 2Y-STAR.
Daily Updated RAM
Other RAM are updated daily, and are reported for a given day in a calendar year rather than for a JCR year.
(9) C3PO:
ISI reports the mean number of citations for an ISI journal, namely total citations up to a given day divided by the number of papers published in an ISI journal up to the same day, as the "average" number of citations. In order to distinguish the mean from the median and mode, the C3PO of an ISI journal on any given day is defined by Chang et al. (2010) The h-index (Hirsch, 2005)) was originally proposed to assess the scientific research productivity and citations impact of individual researchers. The h-index can also be calculated for journals, and should be interpreted as assessing the impact or influence of highly cited publications in ISI journals. The h-index of an ISI journal on any given day is based on cited and citing papers, including self citations of ISI journals, and is defined as "hindex = each of h published papers has been cited at least h times."
(11) PI-BETA:
This RAM measures the proportion of papers in a journal that has never been cited, which is, in effect, a rejection rate after publication. Chang et al. (2010) argue that lack of citations of a published paper, especially if it is not a recent publication, may reflect on the quality of a journal by exposing: (i) what might be considered as incorrect decisions by the editorial board of a journal; and (ii) the lost opportunities of papers that might have been cited had they not been rejected by the journal. Chang et al. (2010) propose that a paper with zero citations in ISI journals can be measured by PI-BETA (= Papers Ignored (PI) -By Even The Authors (BETA)), which is calculated for an ISI journal on any given day as "Number of papers with zero citations in a journal / Total papers published in a journal."
(12) CAI:
Article Influence is intended to measure the average influence of an article across the sciences and social sciences. As an article with zero citations cannot have influence, a more suitable measure of the influence of cited articles is Cited Article Influence (CAI), which is defined as "CAI = (1 -PI-BETA)(Article Influence)". If PI-BETA = 0, then CAI is equivalent to Article Influence; if PI-BETA = 1, then CAI = 0. As Article Influence is calculated annually, whereas PI-BETA is updated daily, CAI may be updated daily. Bergstrom et al. (2008) analysed "Article Influence Scores and total articles published for the top 25 journals by Eigenfactor score in the field of Neurosciences" (Figure 1, p. 11434 ).
Analysis of ISI RAM Data for Neurosciences
Seven leading journals are highlighted in the figure. Six of these journals are in the ISI category of Neurosciences, with 221 journals, while the seventh, Neurology, is in the ISI category of Clinical Neurology, with 156 journals, where it is ranked fourth according to 2YIF.
In Table 1 we evaluate the 25 most highly cited journals, according to 2YIF, in the Neurosciences, as well as in the Neurology journal. Only articles from ISI Web of Science are included in the citation data. Data for all journals were downloaded from ISI on 12 June 2010 for all citations for 1988-2010, so that citations were counted from 1988 for all papers published in an ISI journal since 1988. As ISI does not provide daily updates for more than 10,000 articles for purposes of calculating the h-index, C3PO, PI-BETA and CAI, the initial years of several journals were chosen so that no journal had more than 10,000 articles. Owing to the large numbers of articles published in some journals, data for the following four The PI-BETA outcomes are revealing. The mean is 0.3, so that, on average, 30% of papers published in the leading 26 journals in neurosciences are not cited. Only 6 journals have less than 10% of papers that have never been cited, and 7 journals have PI-BETA in the range (10, 19). Annual Review of Neuroscience has an extraordinarily low PI-BETA score of 0.0002. Beyond the 20% mark, 4 journals have 20-29% of papers that have never been cited, one journal has 43.91% of papers that have never been cited, 3 journals are in the range 50-59%, 4 journals are in the range 60-69%, and one journal has 83.31% of papers that have never been cited. It should be emphasized that these are the leading journals in the neurosciences, which is revealing.
Article Influence has a mean of 4.947 and a range of (1.718, 18.915). As CAI is Article Influence multiplied by (1 -PI-BETA), it is not surprising that Article Influence is different from CAI, which has a mean of 3.643 and a wider range than Article Influence of (0.349,
18.876).
The simple correlations of the 13 RAM for the 26 highly cited journals in the neurosciences are given in Table 2 It remains to be seen whether an emphasis on the 2-year impact factor of a journal, to the exclusion of other informative RAM, can lead to a distorted evaluation of journal performance and influence. In order to summarize the 13 RAM criteria, 9 of which, namely 2YIF, 2YIF*, 5YIF, Immediacy, IFI, C3PO, PI-BETA, Article Influence and CAI, are based on ratios, the rankings of the 26 journals in neurosciences given in Table 3 are based on the harmonic mean. The rankings of the 26 journals in Table 3 were also obtained using the geometric and arithmetic means, with ranking correlations given as follows: It is clear that the harmonic mean penalizes uneven rankings across the 13 RAM.
Equivalently, the harmonic mean rewards journals with at least one very strong performance, leading to a high ranking. 
Conclusion
The paper analysed the leading journals in Neurosciences using quantifiable Research Assessment Measures (RAM). Alternative RAM criteria were discussed for the Thomson
Reuters ISI Web of Science database (hereafter ISI). The RAM criteria were analysed for 26
highly cited journals in the ISI category of Neurosciences. The paper highlighted the similarities and differences in alternative RAM, and showed that several RAM were highly correlated with existing RAM, so that they had little informative incremental value in capturing the performance characteristics of highly cited journals. The paper also showed that the Eigenfactor score and PI-BETA were not highly correlated with the other RAM scores, so that they conveyed additional information regarding journal rankings. Moreover, Cited
Article Influence (CAI) was shown to have additional informational value to Article
Influence.
Harmonic mean rankings of the 13 RAM were also presented for the 26 highly cited journals in neurosciences. It was shown that emphasizing the 2-year impact factor of a journal to the exclusion of other informative RAM could lead to a distorted evaluation of journal impact, prestige, performance and influence. Therefore, the harmonic mean rankings give a more robust journal ranking than relying solely on the 2-year impact factor. 
Figure 4
Note: Citations data for Neurosciences were downloaded from ISI on 12 June 2010 for 1988-2010.
